INTRODUCTION
Opinion, as to the advisability of administering opiates to patients suffering from respiratory disorders, especially pneumonia, is divided. For the most part, the writers of the older text books of medicine were opposed to the use of morphine; however, in certain cases, they believed that codeine was justifiable. The modern writers, particularly Cecile (1) and Cole (2) , are of the opinion that the opiates are very necessary and important drugs in the treatment of pneumonia. Cushny (3) states that severe pain indicates opium even when the disease itself is one which in ordinary circumstances would contraindicate it. Codeine is insufficient in severe pain. Hewlett (4) believes that codeine is the drug of choice for treatment of pain and cough in pneumonia. He agrees with Cushny that in cases where the respiration is barely sufficient to aerate the blood, or where profuse expectoration is present, morphine is dangerous, because of its depressant action on the respiratory center, the tendency to abdominal distention, and to the relaxation of the bronchial musculature and thus the danger of edema of the lung is increased.
Macht (5) has done experimental work on normal rabbits and puppies to determine the volume of air respired after morphine. He showed that when small doses of morphine are given the volume of air respired is increased and, what is more important, the alveolar ventilation is also increased, even though the rate be slowed. When, on the other hand, a full dose of morphine is given (1 to 5 mgm. per kilogram) the rate is markedly slowed, the total volume of air respired is diminished, and the alveolar ventilation is also diminished. The dead space is slightly increased, pointing to a bronchial dilatation. Codeine has a somewhat similar effect, with less influence on the total volume output. Several investigators have carried out experiments showing the effect of morphine on the respiratory movements and gaseous metabolism of normal human beings. Higgins and Means (6) concluded from their experiments on three subjects that morphine in therapeutic doses acted as a respiratory depressant, sometimes by acting directly on the center and sometimes by bronchoconstriction, and in one instance by both. The total gaseous metabolism showed as a rule no change in oxygen consumption (or a very slight diminution) and a marked drop in CO2 elimination. The respiration rate usually showed a small increase.
The object of these experiments was to determine the effect of morphine on the respiratory movements and the oxygen saturation of the arterial blood of pneumonia patients; From these observations it was hoped that conclusions based on physiological evidence could be drawn concerning the value of morphine in the treatment of pneumomia.
METHODS AND MATERIAL
The observations have been made on human beings, the greater number of whom were acutely ill with lobar pneumonia. One-hundred and seventy-three observations have been made on 33 different cases of pneumonia. On these 43 arterial punctures were done. Fifteen patients were studied in a body plethysmograph recently described by us (7). They were observed in the plethysmograph from 50 minutes to 1I hours An arterial puncture was done before and after each respiratory tracing was made. Morphine was given subcutaneously while the patient was in the plethysmograph and a second tracing was made from 15 to 30 minutes after the administration of the drug. The dose of morphine varied from 10 to 18 mgm. One patient was given caffeine in addition to morphine.
The oxygen analyses of the arterial blood were done by the method of Van Slyke and Neill (8) . All estimations were made in duplicate.
EXPERIMENTAL
In order to simplify the interpretation of the experimental data, we have divided the observations into two parts: (I) The effect of morphine on the respiratory movements, and (II) the effect of morphine on the oxygen saturation of the arterial blood. The relationship of these two has been considered elsewhere (9) . The data are tabulated in table 1.
I. The respiratory movements of 15 patients were studied in the plethysmograph before and after morphine administration.
1. Rate. In all but one case there was a drop in rate. The average drop in 14 cases was 4.1 to the minute. The greatest fall was from 42.5 to 34.1. In one patient (number 6289) the rate increased from 40 to 42 per minute. His tidal air, however, fell from 244 to 186 cc., and his minute volume from 9.78 to 7.81 liters. His breathing indicated edema of the lungs and at the time of observation he was rapidly growing worse. His arterial saturation dropped from 85.9 to 84.7 per cent after morphine, a change of little, if any, significance.
2. Tidal air. In 10 cases there was a drop in tidal air, the greatest drop being 138 cc. This occurred in patient number 6246, whose arterial saturation diminished 21.3 per cent. The average drop in tidal air was 57.7 cc. In the remaining 5 cases the tidal air increased, the greatest increase being 102 cc. In these 5 cases, pleuritic pain was a prominent symptom, and relief of pain by morphine probably allowed deeper breathing with more comfort. In one of the 5 cases 192 mgm. of caffeine were given with the morphine. These wlll be considered later. In no one of these 5 cases was the increase in arterial saturation as great as 4 per cent.
3. Minute volume. In 13 cases the minute volume was diminished after morphine. The greatest drop in minute volume was 4.95 liters and the smallest was 0.85 liter, the average being 2.20 liters.
Two patients (numbers 6295 and 6352) showed an increase in minute volume. In both of these the breathing was extremely shallow and the rate correspondingly rapid. In the one case the rate was 42.3 and the tidal air was 196 cc., while in the other the rate was 72 and the tidal air was 127 cc. In the first patient the minute volume increased from 8.22 to 10.51 liters, and in the second it increased from 9.14 to 11.03 liters. Both patients were very ill. The first had two lobes involved, and the second had three. In neither were there any signs of edema of the lungs. In the second patient there seems to have been a psychic element in the excessively rapid respirations, since the rate increased at once when he was under observation, even though he was unaware of the fact that his respirations were an object of interest. In both these patients pleuritic pain was severe. The increase in minute volume following morphine administration is probably related to the relief of pain.
In 13 cases the ratio of expiration to inspiration increased, while in the other 2 cases there was a very slight drop in the ratio. The only significance to be attached to this is that the slowing of the respiravtory rate produced by morphine is accomplished by prolonging the expiratory phase with little change in the inspiratory phase. WVhat the functional interpretation of this is is not clear.
Twenty-seven patients on the ward were observed after receiving morphine. The observations are shown in more detail in table 2.
1. Rate. In all but one case the rate was slowed, the average drop being 4 and the greatest drop 14 to the minute. We have divided these 27 cases into 3 groups: (a) those who recovered and who never appeared to be in any great danger of death; (b) those who recovered, but concerning whom a grave prognosis was given; (c) those who died.
In the first group there are 12 cases, in the second 7, and in the third 8. The total dose of morphine and the time during which it was administered varied considerably, because this, of course, depended on the individual needs of each patient. It is difficult, therefore, to make an exact comparison of one group with the other. The differences in results, however, are sufficiently striking that certain general conclusions can be drawn. In group (a) the average drop in rate after the total dose of morphine had been given was 2.0, while in group (b) the drop was 7.3, and in group (c) it was 3.4 (table 2). It does not seem that the morphine had a much more depressant effect on the patients in group (c) than it did on those in group (a). If, however, one takes into consideration the fact that usually the respiratory rate gradually increases as a pneumonia patient approaches death, a drop in rate of 3.5 to the minute may be significant. Moreover, all of the facts are not shown by the figures, for in 2 cases (numbers 6307 and 6315) shortly before death the rate fell in the one to 10 and in the other to 18, which in the first instance represented a drop of 32 to the minute and in the second a drop of 20. This occurred more than 2 hours after morphine was given, so these figures are not in- We believe that this delayed slowing of the rate is in part at least due to the cumulative action of morphine. We have also studied the effect of caffeine on the respiratory movements and arterial saturation of one patient (number 1347). He was observed on 2 successive days while acutely ill. On the first day he was given 240 mgm. of caffeine sodium benzoate, and on the second day he was given 192 mgm. of caffeine and 12 mgm. of morphine. After caffeine alone, his rate, tidal air, minute volume, and per cent saturation increased, while the morphine and caffeine together resulted in a reduction in rate, but a slight increase in tidal air and per cent saturation. The minute volume on this occasion was smaller after the drug was given than before. None of these changes was of sufficient magnitude to attach much importance to them, but at least they are different from those observed after morphine alone. That codeine in moderate amounts may have a detrimental effect on the respiratory center is suggested by case number 6213, whose respiratory rate dropped to 14 and whose arterial saturation dropped to 40 per cent after he had had 24 mgm. of morphineinadditionto236mgm. of codeine, which he had received during a period of 3' days. His breathing was of the Cheyne-Stokes type, his lungs were filling with exudate, he rapidly passed into coma, and, had he not been immediately put into the oxygen chamber, he would in all probability have died. The next morning, while breathing a 40 per cent oxgen mixture, his arterial saturation was 90.3 per cent and his respiratory rate was 18.
II. Effect of morphine on the oxygen saturation of the arterial blood. In 16 patients out of 20 on whom oxygen analyses of the arterial blood were done before and after morphine, there was a drop in the arterial saturation. The greatest drop was 2. Figure 1 , a and b, shows parts of his respiratory tracing before and after morphine administration. These 3 patients in whom morphine administration resulted in a definite and perhaps serious unsaturation of the arterial blood were all extremely ill. Moreover, they showed not only extensive lung involvement, but the presence of diffuse, moist rales. It is to be noted that in none was anoxemia severe before morphine. A fourth case already referred to is not included here, since no arterial blood analysis was made before morphine. After morphine injection, however, his saturation was only 40 per cent.
DISCUSSION
In most cases of pneumonia the effect of morphine on the respiratory movements and on the arterial oxygen saturation is slight. Certainly the depression of respiration which follows morphine administration is ordinarily not sufficient to contraindicate its use. The benefits which may accrue to the patient in the direction of relief from pain, reduction of metabolism, and sleep, undoubtedly outweigh the possible ill effects of a slight reduction in pulmonary ventilation and increase of anoxemia.
Occasionally, however, morphine may so diminish pulmonary ventilation as to result in serious oxygen want. This is liable to occur in patients in whom the pulmonary involvement is extensive and is accompanied by diffuse moisture, and in patients who are already suffering from severe oxygen want. Because of the possibility of this type of reaction to it, morphine must always be used with caution and is best combined with oxygen therapy.
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